geons continue to use a wide variety of valves. As primary shunt insertion and revision practices become more standardized through the use of protocols and best practices, we may be able to clarify whether certain valve designs perform better in specific populations. If it remains the case that no one valve design is superior to another, then the direct cost of valves and the resources to manage them, including additional imaging and personnel time required for reprogramming, should be weighed and optimized.
The section on shunt malfunction also asked neurosurgeons to identify the type of material that obstructs the holes in ventricular catheters. The majority of respondents named the choroid plexus, reflecting the findings of studies from the 1960s and 1970s. 2, 5 As the authors note, the most recent study on this topic implicates a reactive and/or inflammatory process with microglia and astrocytes, presumably in response to the foreign material of the catheter tubing itself. 6 That study was published in 2016-2 years after the survey for this report was performed. Even so, this example serves as a reminder that keeping abreast of new advances in basic and translational science relevant to pediatric neurosurgery remains an ongoing challenge for busy surgeons.
The second topic the authors addressed was chronic shunt overdrainage. They noted that understanding the true nature of overdrainage requires the use of more precise definitions. A lack of clear definitions for specific shunt-related problems remains a significant limitation in pediatric neurosurgery. Unlike many other fields of medicine that long ago adopted consensus definitions, progress in pediatric neurosurgery research is hampered by a lack of precise definitions of problems and clinical outcomes.
This survey also investigated the management of chronic headaches in shunt-dependent hydrocephalus. Patients with shunts report a high prevalence of chronic headaches: 29% of children and 42%-44% of adolescents and young adults. 9 The authors found that most pediatric neurosurgeons use reassurance and/or referral to neurology or pain division-based headache clinics to manage chronic pain in shunt patients. As Kraemer and colleagues note, pain management strategies for typically developing non-shunt patients may not be effective for shunt-dependent children and young adults. Current concepts of chronic pain suggest that a person's perception of pain, in large part, is based on attention and brain network activity, especially the default mode network. 8 There are few studies of the default mode network and pertinent related networks in adolescents and young adults born very preterm or with myelomeningoceles.
3,4,10 But current results demonstrate that these patients have abnormal networks.
3,4,10 Pediatric neurosurgeons need to advocate for more research about shunt-dependent hydrocephalus to understand the relevant pathophysiology and to develop interventions specific for patients with this condition. Currently, very few evidencebased recommendations are available to treat chronic headaches in patients with congenital brain abnormalities, including those with shunted hydrocephalus.
Finally, the authors addressed the management of slit ventricle syndrome. Again, information about management and outcomes is limited due to the lack of consensus on definitions. The lack of agreement about management strategies probably reflects the array of definitions of the problem and of successful, measurable outcomes.
While this study has the inherent limitations of a voluntary survey, the results serve as a call to action for more refined definitions of specific problems and outcomes that will allow rigorous and reproducible studies to be designed and implemented to change future shunt management. Pediatric neurosurgery is a small field, and the challenges are often overwhelming for practitioners with limited time and resources. Ideally, advances in neuroscience will lead to strategies to reduce the number of individuals dependent on CSF diversion with a shunt. In the meantime, as children with hydrocephalus survive longer, there is a pressing need to reduce the burden of shunt-dependent hydrocephalus for our patients, their families, and society.
https://thejns.org/doi/abs/10.3171/2017.3.PEDS17103
